The availability of resources including energy, nutrients and (developmental) time has a crucial impact on productivity of farm animals. Availability of energy and nutrients depends on voluntary feed intake and intestinal digestive and absorptive capacity at optimal feeding conditions. Availability of time is provided by the management in animal production. According to the resource allocation theory, resources have to be allocated between maintenance, ontogenic growth, production and reproduction during lifetime. Priorities for these processes are mainly determined by the genetic background, the rearing system and the feeding regimen. Aim of this review was to re-discuss the impact of a proper resource allocation for a long and healthy life span in farm animals. Using the barrel model of resource allocation, resource fluxes were explained and were implemented to specific productive life conditions of different farm animal species, dairy cows, sows and poultry. Hypothetically, resource allocation mismatch neglecting maintenance is a central process, which might be associated with morphological constraints of extracellular matrix components; evidence for that was found in the literature. A potential consequence of this limitation is a phenomenon called disproportionate growth, which counteracts the genetically determined scaling rules for body and organ proportions and could have a strong impact on farm animal health and production.
Introduction
Growth and performance in farm animals depend on resources. Resources are necessary to fuel metabolism and vital activities of the body and to serve as substrates to assemble body-own tissues. Overall availability of resources for the organism is determined by food intake, gastrointestinal digestion and absorption. After being absorbed by the enterocytes, the allocation of resources within different pathways is a process of major impact for proper growth (=increase in number and size of cells and mass of tissues) and development (=changes in the structure and function of cells and tissues). Proper growth and development are prerequisites for health and performance in farm animals. This review aimed to summarize physiological pathways of resource allocation (see the 'Resources and resource allocation' section) and their limitations (see the 'Limitations of resource allocation' section). Furthermore, the consequences of inadequate resource allocation (resource allocation mismatch) are discussed, which may lead to disproportionate growth (see the 'Disproportionate growth' section) and consequently, to a disturbed health in farm animals.
Resources and resource allocation
The fundamental resources are energy, nutrients and (developmental) time, the availability of which has a crucial impact on productivity in farm animals. Resource allocation is defined as partitioning of available energy and substrates into various essential life processes, and into body structures and tissues (Glazier, 2008) . Modeling the resource allocation in maternal rabbit lines revealed that 'generalists' were able to allocate their resources properly to production, reproduction and health under non-adequate environmental conditions, while 'specialists' with high prolificacy were not able to allocate sufficient resources into health and reproduction (Savieto et al., 2015) . Furthermore, models in dairy cows and goats were created to answer the question 'Why do animals partition nutrients in the way they do?' and to predict nutrient partitioning (which is a part of resource allocation) (Friggens and Newbold, 2007; Douhard et al., 2014; Puillet et al., 2016) . However, creating a new model of resource allocation is beyond the scope of this review. The purpose of this paper is a physiological and mechanistic approach to explain biological pathways of resource allocation and resource allocation mismatch and then to identify pathophysiological consequences of resource allocation mismatch from literature data. It is an attempt to provide an answer to the question: What basal pathways may cause disproportionate growth and thereby, disturbed health? The resource allocation theory can easily be explained using the 'barrel model' (modified after Rauw, 2008 , based on the original model of Weiner, 1992) (Figure 1 ). For this barrel model, it is assumed that an organism can be described as consisting of three funnels for resource uptake and of a barrel representing the body itself with four different exits. Funnel FI determines the first step of resource uptake, the voluntary feed intake (VFI), which is under a complex network of regulatory processes in farm animals (Sartin et al., 2011) . Voluntary feed intake is determined by genetics, size of gastrointestinal tract and feed quality and also by keeping conditions and welfare issues. Once food is ingested, the next funnel, digestive capacity (D) determines the availability of resources for the organism, together with funnel A, the absorptive capacity of the gastrointestinal tract (GIT). Both, D and A are dependent on developmental ontogenic stage of the GIT, the quality and quantity of nutrients, minerals and trace elements in the diet, and the microbial community in the gut. Recently, the latter is a major topic of intensive research in human and also in farm animals (Kohl and Carey, 2016; Yang and Kweon, 2016) . A proper microbiota community improved feed efficiency, growth and performance in pigs (Valeriano et al., 2016) , cattle and poultry (Jewell et al., 2015; Stanley et al., 2016) . Furthermore, efficiency of intestinal and pancreatic enzymes is required for a high digestive and absorptive capacity (Chambon-Savanovitch et al., 2001; Vigors et al., 2016) .
Maintenance
Once nutrients are absorbed they belong to the total energy and substrate pool and stores (adipose tissues) of the body, representing the overall pool of resources. During lifetime, a certain amount of energy and substrates must be continuously used for maintenance. Maintenance is generally defined as a condition in which an animal is in nutritive equilibrium (intake = loss) with neither weight gain nor loss of weight (Kleiber et al., 1945) . However, maintenance is based not only on a requirement of energy but also of any essential substrate the body needs, thus equilibrium of all essentials must be established (Kleiber et al., 1945) . This continuous maintenance of energy and substrate (M ES ) requirement is indicated by the exit 1 of the barrel model, which is always dripping (Figure 1 ). M ES is needed for fueling basal metabolic rate, for digestive processes, for renewal of body tissues, for heat production and for immune responses to maintain BW in adults (Knap, 2008) . Maintenance was more exactly defined by Kleiber et al. (1945) as a state of physiological alertness, which implicates that this is a dynamic situation of the body. Therefore, M ES cannot be a constant but depends on many factors related to genetics, nutrition and performance. The animal's size is a major factor influencing M ES (Kleiber et al., 1945) . In most of the animal studies maintenance requirements were expressed as metabolizable energy (ME) for maintenance (ME m ). ME m was strongly determined by organ mass and body composition as programmed by genetics in Angus cows with larger ME m needs at high protein mass, while body fat reduced ME m requirements (DiConstanzo et al., 1990) . Modern dairy cows with higher efficiency to utilize dietary energy for milk production expressed an absolute increase in maintenance requirements as reflected by higher fasting heat production and increased heart rates (Moraes et al., 2015; VandeHaar et al., 2016) . However, breeding for higher feed efficiency in dairy cows led to a relative decrease, a 'dilution' of maintenance, which means that a greater proportion of energy is partitioned toward milk instead of maintenance and body growth (VandeHaar et al., 2016) . VandeHaar et al. (2016) concluded from the dilution of maintenance in high-yielding Figure 1 The barrel model modified after Rauw et al. (2008) demonstrates the process of resource allocation within the body. Voluntary feed intake (FI), digestive (D) and absorptive (A) capacity are responsible to bring the resources into the body. The resources including time for development are then allocated to maintenance (exit 1), ontogenic growth (exit 2), production (exit 3) and reproduction (exit 4). The adipose tissues are dynamical stores for energy and for endocrine regulation of whole body energy metabolism. During resource allocation a certain amount of energy is always dissipated as heat. This scheme is discussed in detail in the text. cows that maintenance requirements could be directly decreased by genetic selection. However, this can also mean that the proportion of allocated M ES is no longer matching the ME m requirements of a dairy cow. Furthermore, quality and quantity of forage feeding was modulating the energetic and substrate needs for maintenance in lactating cows (Dong et al., 2015) . In laying hens, dietary protein level determined ME m (Valencia et al., 1980) . In performing animalsgrowing, lactating, egg layingthe proportion of resources for maintenance even increase to an unknown degree. Efficiency for ME use for tissue energy gain (=maintenance) was negatively correlated with efficiency of ME use for BW gain (DiConstanzo et al., 1990) . However, at any metabolic situation, the resource allocation to maintenance must be conserved. If not, body structures and basal metabolic processes will be weakened and will no longer support metabolic performance sufficiently. Furthermore, maintenance requires time. Repair of tissues is resource-and timeconsuming. For example, the lactating mammary gland in high-yielding dairy cows was put out of service 6 to 8 weeks before next parturition to regenerate alveolar epithelia for the next lactation period (Zobel et al., 2015) . Shortening of that time resulted in lower milk yield due to insufficient repair of mammary gland tissue, indicating that maintenance of the udder was disturbed. Turnover rates for tissues in farm animals are hardly studied, however a continuous regeneration of all body tissues can be assumed during lifetime, which needs maintenance resources. In a data synthesis approach across animal kingdom, isotope (carbon, nitrogen) turnover rates in whole body and different body tissues scaled with body mass and were influenced by body temperature (Thomas and Crowther, 2015) . In humans, a 70-kg man with a given fat and protein composition needed a turnover time of 79 days to replace whole body chemical energy (Kleiber, 1975) . If resources are limited, the processes of maintenance are no longer sufficient to maintain proper functional body tissues. To use the constancy of BW only as indicator for adequate maintenance is not appropriate, because high BW derived from rapid daily weight gain may not necessarily mean adequate development of the growing tissues and organs. Furthermore, enhanced growth and BW gain at low maintenance supply could be based on an increase of fat accretion instead of lean mass (muscle, bones). This idea will be followed up in the sections 'Limitations of resources allocation' and 'Disproportionate growth.' Juvenile growth and development Exit 2 in the barrel model represents the amount of resources needed for ontogenic growth of mammals and birds from birth/ hatch to adultness. Growth is determined by genetics but can be influenced by many factors such as intrauterine conditions, by endocrine dysfunction in early age and by insufficient time for postnatal maturationall causing a resource allocation mismatch (see 'Limitations of resources allocation' and 'Disproportionate growth' sections). Physiologically, body growth most likely aimed to establish an energetically optimal body size in young animals (Hannon and Murphy, 2016) . Hannon and Murphy (2016) re-discussed the idea that maintenance energy costs (R) decrease with increasing body size (S) in favor of thermoregulation. R/S reaches a nadir from where is rises again when body size increases above the optimal body size. At optimal body size ME m is minimal. Body growth and development is determined by genetic background but many other, mostly external factors can also influence ontogenic growth. Maternal conditions during prenatal life in utero determine the growth and development of the offspring in many farm animal species and rodent models (reviewed by Wu et al., 2006) . It is strongly recommended to read this review written by Wu et al. to realize the impact of intrauterine growth and development on postnatal health and performance in livestock which is known for years. The most prominent challenge is any under-or malnourishment of the mother regarding energy, protein, minerals and trace elements, which led to intrauterine growth retardation (IUGR). In hyperprofilic sows with large litter sizes, a natural IUGR develops due to the overcrowding of the uterus and decreasing nutrient and oxygen supply for the fetuses located in the distal parts of the uterine horns (Foxcroft et al., 2006) . These IUGR piglets suffered from disturbed myogenesis resulting in lower growth performance postnatally (Foxcroft et al., 2006; Rehfeldt and Kuhn, 2006) , but they established a higher capacity for fat synthesis (Krueger et al., 2014) . This indicated an early shift in body composition and growth with different lean : fat mass ratio. However in contrast, IUGR offspring (calves, lambs) with postnatal adequate nourishment could express catch up growth mainly based on fat accretion at juvenile age (Wu et al., 2006, Swali and Wathes, 2007) . Maternal stress associated with under-or malnutrition and with any other stress factor was transferred to the offspring (Henriksen et al., 2011) . The hypothalamuspituitary-adrenocortical axis was activated throughout life in these IUGR offspring (Wu et al., 2006) . Furthermore, prenatal undernutrition provoked changes in behavior such as increased anxiety and reduced cognitive flexibility in sheep (Erhard et al., 2004) . In poultry, the industrial production of eggs for breeding is highly prone to disturb the in-egg development of the chick; influencing factors include the health and the nutrition of the hens and the environmental conditions during artificial brooding (Dixon et al., 2016) . Prenatally enhanced corticosterone levels in mother hens influenced physiology and behavior of chicks (Henriksen et al., 2011) . Metabolic disturbances in glucose and lipid metabolism and insulin resistance were concomitant consequences of this metabolic programming in utero (Wu et al., 2006) . Thus, an adequate management and feeding of the mothers is essential to maintain physiological ontogenic growth. Postnatal health and performance of offspring is strongly programmed by the intrauterine environment. Beside an adequate level of activation of the stress axis, thyroid hormones, vitamin D 3 , IGF-1 and growth hormone are essential endocrine factors determining proper growth and development of young animals. For all processes related to ontogenic body growth and development a physiological time frame is given by the genomic structural design of each animal. Specific body structures such as the GIT in monogastric species and in ruminants, the skeletomuscular system, the mammary gland and the central and peripheral neuronal systems need sufficient time to develop and mature postnatally. The diet post natum, at weaning and for post-weaning rearing of young farm animals is an important determinant for development not only of the GIT but also of body tissues, for example liver and pancreas. In calves, the forestomach needed 12 to 16 weeks to be fully developed including rumen motility, salivary gland secretion and rumination activity when fed with hay and a small amount of grain (Huber, 1969) . The omasum was even developing until 12 month of age in calves (Huber, 1969) . There was a huge evidence form literature, that high-starch and low-fiber starter feeds negatively affect rumen development in dairy calves (Khan et al., 2016) . In general, malnutrition in early life was described to have a significant negative impact on gastrointestinal development and metabolic health (He et al., 2009) . Some aspects of the development appeared to be more diet-independent. At 42 to 84 days of age the ketogenic capacity of rumen epithelium was developing in sheep regardless of the diet (Lane et al., 2002) . A higher weaning age (8 v. 6 weeks) under identical milk-feeding regimen dairy calves showed a higher rumination activity indicating a better development of rumen function due to prolonged milk nourishment (Eckert et al., 2015) . In chicken, after hatching intestinal villi surface area, goblet cell numbers and mucin secretion increased during the first 8 days of life. Delayed access to feed modulated mucin secretion in chicken small intestines, implicating disturbance of protective functions of mucus (Uni et al., 2003) . Ontogenic growth is a process with its own lifetime course and temporal pattern in each individual. This is strongly reflected by the huge inter-individual variation of almost all variables normally observed in animal studies. As examples, serum IGF-1 varied between 4.2 and 900.5 ng/ml in post-weaning Angus beef cattle (day 28 post weaning) (Davis and Simmen, 2000) ; serum glucose between 66 and 116 mg/dl in pigs (Kahn, 2005) and serum alanine concentrations between 456 and 1347 µmol/l in broiler chicken (Huber, own results; unpublished) . 'Time' as a sensitive feature for modeling resource allocation throughout different physiological stages of an animal was already identified by Friggens and Newbold (2007) . Acceleration of development and lack of maturation (immaturity) of organs and tissues due to the requested economic efficiency in animal production might be one of the most detrimental factors against extended productive life span, robustness and fitness of livestock. Thus, economic efficiency might be an apparent efficiency when considering the early life period of farm animals only.
Production and reproduction
Animal production aimed to obtain high yields in milk, meat and eggs per animal. Therefore selection for specific performance was performed since domestication of animals started thousands of years ago. Prioritizing single physiological functions needs an adequate resource allocation, which is expected to be deliverable by optimal feeding and management of the animal. Exit 3 indicates the resource allocation to production (Figure 1) . However, high yields in milk, meat and eggs are often negatively correlated to fertility of farm animals. This is implicated in the barrel model by locating the exit 4 for reproduction above the production exit. Thus, when the resource allocation for production (milk, meat and eggs) is high, the filling of the barrel (=resources of the body) will never be sufficient to supply also reproduction. Furthermore, the adipose tissuebesides its role as resource storeis a tissue of high impact on reproduction, because it is a source of leptin and an indicator of size of fat stores. Leptin was described as major factor connecting energy status of an animal with its ability for reproduction by expressing a permissive effect in regulation of gonadotropin-releasing hormone neurons in the brain (Wylie, 2011) . Hypothetically, selection for lean mass accretion in meat-type lines could have influenced this adipose-ovary axis leading to less fertile parent stock in pig, poultry and cattle breeding. To support this hypothesis, a correlation-based field study demonstrated a strong positive relationship between plasma leptin concentrations and fertility of ewes (Rosales Nieto et al., 2014) . However, the relationship between leanness and fertility is not well studied in farm animals. Genetic selection shifted resources to the production side decreasing resource supply to reproduction and maintenance. Especially young growing animals do still have a high priority for maintenance (exit 1) and ontogenic growth (exit 2), but are physiologically less able to put resources into production and reproduction. However, growth and puberty can be pushed by nutritional regimens in nearly all farm animal species. The BW was determined as major factor for reaching puberty in human and animals. Maximal genetic growth capacity is established by high energy and protein feeding; growth rates are about 770 g/day in modern fattening pigs (Prunier et al., 2010) , about 100 g/day in broilers (Zuidhof et al., 2014) , about 1000 g/day in Holstein bulls (Calo et al., 1973) and about 900 g/day in Holstein heifers (Van de Stroet et al., 2016) , with strong variations between lines within each species. Broilers selected for growth performance had disturbed hypothalamic satiety mechanisms resulting in hyperphagia and a decreased basal metabolic rate (Zuidhof et al., 2014) . Body composition depended on growth intensity and energy/ protein ratio of the diet with increasing fat accretion at higher growth rates (Dunnington and Siegel, 1996; Zuidhof et al., 2014) . Thus, in meat-type species, body growth, that means protein and fat accretion is intensified and accelerated at times when ontogenic growth and development of supportive tissues (bones, cardiovascular system and skeletal muscle) should occur. Furthermore, at the same time period, proper maturation of the GIT is an essential prerequisite for any performing farm animal. Intensive rearing of young animals, as assessed by increase of BW, resulted in early puberty, and allows using the female individuals for early insemination. The first calving age in heifers was recommended to be economically valuable at about 22 to 24 months of age, the age at first service in sows at average 220 days and the start of egg-laying in laying hens at 14 weeks of age. Data on age at first calving and profitability was given by the Canadian Dairy Network (Beavers and Van Doormaal, 2015) ; with a profit per Holstein cow of about Disproportionate growth US$ 880 gained by decreasing the current breed average (26 months) to the most profitable age at first calving (22 months). Since developmental periods before onset of performance are expensive in all farm animal species, similar calculations with high profit at early use could be performed. Furthermore, early production performance of heifers aimed to generate a high first lactation milk yield; and of primiparous sows a large litter size (high prolificacy) is intended. Laying hens should provide at least 300 eggs/laying period. Early laying start will increase the turnover rate of hen cohorts in the poultry facility thereby improving economic output. However, under early performance conditions, maturation of the body, of the supportive tissues and of the endocrine and neuronal regulation processes might not be adequately developed. These discussed physiological and pathophysiological pathways involved in resource allocation for maintenance, ontogenic growth and production/ reproduction were summarized in Figure 2 . By acceleration of growth, animals were created which have a low plasticity. In terms of modeling, plasticity was described as 'the rate of change in the level of a single trait when measured across different environments'; and animal with low plasticity will maintain its genetically driven single performance trait at the expense of other life functions (Friggens and Newbold, 2007) . Low plasticity animals selected in an abundant environment might be unable to cope with less ideal environment and might face a substantial reduction in fitness (Friggens and Newbold, 2007 ). An adequate management and feeding is not always deliverable at field conditions, thus under these conditions, high merit farm animals may suffer from external limitations of resources.
Limitations of resource allocation
The idea about limitations of resource allocation is very old. Already the ancient Greek philosopher and researcher Aristotle (384 to 322 BCE) stated the idea of physiological limitation. Later, Goethe expressed 'the budget of nature is fixed but she is free to dispose of particular sums by any appropriation that may please her. In order to spend on one side, she is forced to economize on the other side' (Rauw, 2008) . Prinzinger (2005) disclaimed that 'it is not necessary that living organisms should age and die as long as it retains the ability to repair (damaged cells) and renew (defective cells).' The latter reflects the strong necessity for a proper maintenance metabolism in all tissues as prerequisite for a long and healthy life. However, the budget of resources is limited; thus allocation is the basal mechanism by which a proper shift of energy and nutrients to maintenance can be made. Especially this limitation of resource allocation most likely occurs when young immature animals are early pushed into productive life. The reasons why resource allocation reaches its limitation are manifold. External factors such as inadequate management and feeding led to absolute resource limitations. However, any disturbances in ontogenic growth (as described in the 'Resources and resource allocation' section), the genetically determined acceleration of BW gain and an early use in reproduction with subsequent performance (milk yield, litter size) promotes the risk of an individual to reach the limits of resource allocation. This means, resources are no longer provided for physiological healthy development and performance but are shifted to selected body processes associated with performance. However, thereby M ES requirements are neglected. Reduction in maintenance leads to a loss of the individual's adaptive capacity to cope with (genetically) requested performance and to a loss of the individual's flexibility to cope with suboptimal environmental conditions (Knap and Rauw, 2008) , features which contribute to the physiological balance of an individual. To clarify the limitations of resource allocation, the broilers and laying hens used in poultry meat and egg production, respectively, will be used as examples for animals, which exceeded their physiological balance due to limitation and mismatch of resource allocation. Poultry is a good example due to their rapid generation interval, thus breeding success is obtained very quickly. Physiologically, a young chick is genetically imprinted to allocate its resources to maintenance and ontogenic growth after (and most likely already before) hatch. However, genetic selection for lean mass Figure 2 Summary of important physiological pathways involved in resource allocation. A proper allocation of resources during growth and development, productive life and reproductive periods is essential for a farm animal to stay healthy and fertile despite high performance in milk, meat or eggs. Resource allocation to maintenance is suggested as indispensable basis for the whole productive life span. This is a dynamic process; major factors modulating resource allocation to maintenance are indicated with the gray flash (right side). Ontogenic growth based on stable resource fluxes to maintenance leads to optimal body size and metabolic tissues and organs, which can carry the burden of both, production and reproduction and enable a long productive life span. The gray arrow indicates the developmental time, which is programmed for each individual; any shortening of this time is detrimental for the optimal body growth. Ontogenic growth is also modulated by different factors as indicated by the gray flash (left side). Early in life production or reproduction is a declared goal of modern animal production to decrease raising costs. However, the earlier this is requested, the lower is the maturity of the organism because these features take away resources from maintenance and ontogenic growth (indicated by the black dotted lines). This causes disproportionate growth, which resulted in failure to adapt to production/reproduction and an inability to cope to inverse environments (low metabolic plasticity). It must be the goal of future research to determine the quantitative aspects of resource allocation to maintenance and ontogenic growth in terms of energy, substrates and time. accretion and breast muscle proportion pushes the modern young broiler chick into production from the first day of life. Feeding and management was optimized to match the requirements of broiler lines according to their genetic growth potential. Growth rate is the single variable during fattening, which is used to record success of production, which is critical (see the 'Resources and resource allocation' section, Buzala et al., 2015) . According to the barrel model in Figure 1 , this means that exit 3 is already widely open immediately after hatch for selective muscle growth. Higher growth rate may also open exit 2 more than physiologically determined while resource flux (energy, nutrients and time) via exit 1 for maintenance is most likely reduced due to the limitation of resource availability. This was confirmed by findings in broiler embryos, which had a lower heat production already in ovum and a lower resting metabolic rate within the first week of life compared to slowly growing layer embryos and layer chicks (Konarzewski et al., 2000 , Sato et al., 2006 . The short but intensive productive life of broilers most likely cause a strong limitation of resource allocation to maintenance and ontogenic growth. In laying hens, the intensive egg production is a continuous challenge for the energy and substrate metabolism, starting early in life (Buzala et al., 2015) . In these laying hens, exit 4 is widely open (Figure 1 ). Since exit 4 for reproduction is above exit 3 for production, this should indicate that the resource requirements for egg-laying is at least as high as for massive growth but maybe even higher. Again, resource flux into maintenance (exit 1) is reduced under these conditions. This leads to morphological constraints and functional conflicts in individual broiler and layer chicken. Immature supportive tissues and cellular functions are the result of the limitations of resource allocation and resource allocation mismatch. In laying hens, the fatty liver hemorrhagic syndrome (FLHS) was described, which is a severe metabolic disorder. Symptoms are intracoelomic fat accumulation, hepatic lipidosis, hepatic tissue and capsule rupture and bleedings within the liver and into the body cave (Trott et al., 2014) . Histologically, the liver expresses fat vacuoles in the hepatocytes in many but not in all hens. But a lack of reticulin fibers (collagen type III) was observed in the liver of nearly all hens with FLHS (Trott et al., 2014) . It is not clear so far, if this lack of collagen type III is a consequence of the syndrome or the initial cause. It was discussed that lipid accumulation was the cause of the reticulin fiber disruption (Walzem et al., 1993) , however this syndrome also occurred in livers without any fat accumulation. Hence, according to the resource allocation theory, reduction in maintenance leads to immature tissues. If liver tissue structure is not well developed (e.g. sufficient amount of collagen fibers to stabilize and organize hepatic tissue) due to early and high performance of laying hens, then these livers are most likely prone to fail adaptation to performance. Rupture of vessels and liver capsule indicated impaired strength of supportive tissue components such as the extracellular matrix (ECM) and collagen dystrophy. Another disorder associated with collagen dystrophy and lack of sufficient vascularization is the tibial dyschondroplasia (TD) in bone growth plates of rapidly growing broiler chicken, a disorder with disturbed development of bone tissue structure (Leach and Monsonego-Ornan, 2007) .
The lesion was characterized by avascular cartilage, lipid accumulation within the cells and necrosis; the latter are typical signs of energy depletion. As cellular origin of lack of ECM, lack of vessels, nutrient and oxygen depletion and consequently, chondrocyte necrosis, endoplasmatic reticulum (ER) stress was discussed, which led to intracellular retention of ECM proteins (collagen X) in chondrocytes (Leach and Monsonego-Ornan, 2007) . Furthermore, it was suggested that activity of matrix metalloproteinases in TD lesions was reduced, thus the turnover of cartilage tissue failed (Farquharson and Jefferies, 2000) . Again, it is not known if failure of supportive components such as ECM is the consequence or the cause (=immaturity of ECM) of TD. Most likely, rapid growth led to insufficient maturation of the metaphyseal region of the os tibiotarsus and os tarsometatarsus due to shortening in developmental time and reduction in resources for maintenance and proper ontogenic growth. This leads to weakened bones, bone deformation and lameness in poultry. Other reasons for locomotory and metabolic problems in modern poultry are associated with the health of muscle tissues. More recently, a new myopathy with increasing prevalence occurred in poultry industry, the wooden breast disease in fast growing, high genetic merit broilers. The broilers develop a firm, pale and dry breast muscle flesh during fattening, often in combination with white striping. This novel muscle myopathy is associated with poor meat quality, which leads to high economic losses in poultry industry. Furthermore, it is an animal welfare issue. The lesions of the musculus pectoralis major were characterized by lack of vascularization, myocyte necrosis, muscular fibrosis (collagenrich connective tissue) and inflammatory infiltration (Sihvo et al., 2014) . The etiology of this disease is unknown so far. This myodegenerative disorderamong other myopathies in broilersmight be based on oxidative stress in the very rapidly growing breast muscle. Especially the superficial layer of the muscle was affected, which is physiologically less vascularized and mostly consists of white fibers (Kranen et al., 1999) . In a transcriptomics study of affected and non-affected broiler breast muscles genes indicating hypoxia, oxidative stress, mitochondrial dysfunction and inflammation-driven reorganization of tissue were identified to characterize wooden breast myopathy (Mutryn et al., 2015; Abasht et al., 2016) . In the context of resource allocation theory, although resources were maximally allocated to the breast muscle, supportive components (vascularization, mitochondria) of the breast muscle were not adequately developed due to the rapid growth rate and reduction in resource allocation to maintenance. Given that genetically driven resource allocation to breast muscle growth was maximized, wooden breast myopathy could indicate a limit of genetically selected growth performance, that is the breeding limit. A further example for insufficient maturation of tissues was demonstrated by Voillet et al (2014) in piglets. Piglet postnatal mortality within the first 96 h rose significantly during the last decades which could be based on immaturity. Physiological maturity was discussed to be of high importance for early survival after birth. Immaturity of fetal muscles of Large White piglets was identified as underlying pathomechanism by a transcriptomic approach in piglets of Disproportionate growth genotypes with low (Large White) and high (Meishan) postnatal survival. Especially genes belonging to pathways of extracellular matrix and collagen and of energy metabolism and mitochondrial function were differently expressed (Voillet et al., 2014) . This indicates that dependent on genotype, high performance is associated with immaturity of structural and functional components of tissues; and this is already relevant in the prenatal period.
Disproportionate growth
The question arises why the breast muscle is affected by hypoxia, oxidative stress and inflammation. Most likely, it is too large in respect to other body parts and organs. When parts of the body were larger or smaller than physiological, the body growth is disproportionate. Disproportionate growth is based on resource allocation mismatch and acts against the genetically determined scaling rules for body and organ proportions. Furthermore, genetic selection to single performance traits affected the respective organ and tissue anatomy and micromorphology, resulting in disproportionate growth also on cellular and within-tissue level. Selection for high feed intake in high-performing farm animals may exacerbate this condition. High feed intake accelerates growth, and thereby resource allocation mismatch can occur due to lack of time. The process of maturity needs time, maybe different amounts of time for certain structures (e.g. ECM) and functions (e.g. mitochondria and fatty acid oxidation), although the tissue is growing to its final, genetically determined size. The larger it is in size or the more metabolically active it is the more detrimental this lack of time for maturation will be. Thus again, growth itself measured by BW gain is not a good indicator of maturity. Another side effect was the enhanced proportion of fat accretion with higher BW in chicken based on high voluntary feed intake and reduced lipolytic capacity (Dunnington and Siegel, 1996) . Thus, selection for high feed intake creates individuals prone to accrete fat disproportionately, resulting in obesity. The breast muscle of broilers is allometrically growing by increasing numbers and sizes of white myofibers (Rehfeldt and Kuhn, 2006) . Maximizing the breast muscle yield in broilers to about 20% and more of BW resulted in decreases in the relative weights of heart and lungs (negative allometrical growth), while the intestine was larger with a highly developed absorptive capacity. The disproportionality regarding the respiration system was even more obvious by a relative low size of musculus externus obliquus (a major respiratory muscle which moves the sternum during respiration) and a slow ossification of components of the respiratory skeleton (ribs, sternum, processus uncinatus) (Tickle et al., 2014) . Lack of vascularization in breast muscle, as seen in wooden breast myopathy, and in bones, as seen in TD, may also indicate disproportionate growth, with less developed supportive components such as the ECM (Leach and Monsonego-Ornan, 2007; Sihvo et al., 2014) . Since these broiler chickens outgrow their respiratory capacity, these morphological constraints have detrimental consequences for the whole organism. Acceleration of growth in broilers led to an increase in body mass from 40 g to 4000 g in about 8 weeks. Concomitantly, the cardiac output rate had to increase from 8 ml/min to 800 ml/min to maintain a proper oxygen supply for the body (Wideman et al., 2007) . However, relatively smaller hearts and lungs, a physiologically constant lung volume and lung capillary capacity, an inhibition of respiratory movements of the thorax due to the large breast muscle and the immature respiratory skeleton and muscles led to increased resistance against blood flow and to inhibition of gas exchange. Consequently, a right heart hypertrophy developed leading to ascites. The transudate fluid in the body cave inhibited the air sac inflation. Reduced blood and air flows in the respiratory system diminished the oxygen saturation of the arterial blood, which is detrimental especially for the rapidly growing breast muscle and also any other body organ and tissue. Sudden death is the consequence of this pulmonary hypertension syndrome (ascites syndrome) in broilers (Wideman et al., 2007; Kalmar et al., 2013) . This resource allocation mismatch in broilers can be also assessed for other species. Rapidly growing fattening pigs and bull calves and fastened rearing of heifer calves most likely promote similar disproportionate growth. Modern pigs had larger muscles, more white fibers and relatively smaller hearts than the older strains (Dämmrich, 1987) . Furthermore, genetic selection appears to induce delayed muscular development in piglets (Voillet et al., 2014) . High-yielding dairy cows are prone to put all resources into milk thereby increasing the risk to suffer from chronic systemic inflammation and associated metabolic disorders (Bradford et al., 2015) . However, due to the longer production intervals and less selection for growth of single muscles it takes a longer time for developing unfavorable conditions or at least they are less visible. However, high losses in the rearing period of calves and piglets might be caused by a reduction of resource allocation to maintenance and ontogenic growth. Selection for rapid udder growth and development may implicate a high risk for resource allocation mismatch and disproportionate growth in heifers. Anyway, disproportionate growth provoked by resource allocation mismatch in early life could accumulate to a lifethreatening condition, which finally leads to organ and cell failure, most likely by oxidative stress, mitochondrial dysfunction and systemic inflammation. The consequence is not only an economic issue but also an important animal welfare issue.
Summary and conclusions
Resources are nutrients, energy and developmental time. An adequate resource allocation to maintenance is the most important process to grow and develop proper body structures, which are essential for high performance in farm animals. Any resource allocation mismatch leads to disproportionate growth on whole body, on tissue and cell level. If livestock industry continues to use high genetic merit animals then an adequate management is always required. These animals lost the capacity to cope with disadvantageous keeping and feeding conditions. Furthermore, if a healthy productive life span or a long and healthy productive life span is intended, all animals need a resource allocation which matches maintenance requirements. The most prominent factor, which should be considered in developing new strategies for livestock production is time for maturation. Slowing down the juvenile development to maintain adequate resource allocation to maintenance and ontogenic growth will result in animals with mature organs and tissues, which can carry the burden of high performance.
